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METHOD AND MASK PATTERN EDITION DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To make it possible to 
display the number and density of contour lines in the 
same way in spite of a difference in its relative 
intensity value if the exposure intensity distribution 
is the same and to quantitatively recognize the change 
in the shapes of the resist patterns with a fluctuation 
in the exposure at a certain ratio. 

SOLUTION: This edition device has a position input 
edition section 5 of mask patterns for LSIs. an exposure 
intensity distribution calculating section 52 for 
researching the intensity distribution of the light to 
be cast through the mask patterns to the resist surface 
on a sample and a graphic display section 53 which 
simultaneously displays the mask patterns and the 
exposure intensity distribution. A contour line display 
calculating section 57 is installed between the exposure 
intensity distribution calculating section 52 and the 
graphic display section 53. The exposure intensity 
distribution is displayed by the contour lines given by 
le/(1+an/100) [a is a specified ratio (%) and n is an 
integer] with respect to arbitrary set intensity le. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the exposure 
intensity-distribution method of presentation which displays an electromagnetic wave or the exposure 
intensity distribution of a charged particle beam, and the mask pattern edit equipment for correcting the 
proximity effect produced at a lithography process according to the line breadth of a mask pattern. 
[0002] 

[Description of the Prior Art] In creation of the LSI pattern using the mask for exposure etc., when the 
wavelength of the light which pattern line breadth uses for a lithography process is approached, pattern 
line breadth becomes thin by diffraction of light, or the so-called proximity effect, like the approaching 
pattern is connected is produced, and a desired pattern may be unable to be created. When the proximity 
effect arises, the method of correcting a mask pattern, and redoing again or correcting a mask pattern by 
experiential know-how beforehand is taken. 

[0003] However, it is very difficult to predict the complicated proximity effect correctly and to input a 
mask pattern. Then, the proximity effect at the time of drawing a mask pattern is predicted, and the mask 
pattern edit equipment which can correct a mask pattern is proposed (JP,64-19470,A). 
[0004] Drawing 6 is the block diagram showing the basic composition of equipment conventionally [ 
this ]. 61 is a pattern positional information input editorial department, and consists of pattern position 
input editorial departments 64, such as a tablet, and a pattern positional information storage editorial 
department 65 which memorizes the obtained pattern positional information. 62 is the exposure 
intensity-distribution calculation section which asks for the distribution of exposure intensity from a 
pattern position. 63 is the graphic-display section which displays a mask pattern and exposure intensity, 
and displays a mask pattern and exposure intensity distribution on a monitor 66 simultaneously. 
[0005] The mask pattern edit process of having used the above-mentioned equipment for drawing 7 is 
shown. Drawing 7 (a) is the case where it draws without taking the proximity effect into consideration, 
and the high line 73-71 in drawing and 72 show a mask pattern, respectively, and show it by the dotted 
line - shows exposure intensity distribution. 

[0006] The relative exposure intensity between mask patterns 71 and 72 becomes 0.3 times to the core of 
patterns 71 and 72, its contrast between patterns is bad, and its definition is bad. The mask patterns 74 
and 75 at the time of extending the interval of patterns 71 and 72 to drawing 7 (b) and the contour line 
76 of exposure intensity are shown. It decreases and, as for the exposure intensity between mask patterns 
74 and 75, by extending a pattern interval shows that the definition is good. The pattern information 
corrected in consideration of the proximity effect serves as creation data of a photo mask used for an LSI 
manufacturing process as a mask data. 

[0007] Creation of the mask pattern which gave suitable correction and amendment is attained predicting 
the proximity effect in a detailed mask pattern in advance with such mask pattern edit equipment. The 
analysis of the proximity effect which it could come and was being evaluated using individual 
equipment therefore conventionally is improved sharply. 

[0008] By the way, although not clearly written in the above-mentioned official report, conventionally, 
when a mask was not placed, generally, it asked for exposure intensity distribution as relative intensity 
when setting exposure intensity on the wafer side at the time of using a transparent silica glass without a 
pattern as a mask to 1 , and each contour line of the above-mentioned topographic contour plot 
corresponded to the intensity which carried out the division-into-equal-parts rate of the exposure 
intensity 1. 
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[0009] For example, the example in reference (T. A.Brunner, "Rim phase-shift mask combined with 
off-axisillumination:a path to 0.5 lambdaynumerical aperture geometries", OPTICAL ENGINEERING, 
Oct. 1993, Vol.32, No. 10, and p2337) is shown. Drawing 8 (a) and (b) quote drawing in the 
above-mentioned reference. Although expressed as the size standardized by lambda/NA in this 
reference, it is shown by the actual size of lambda= 250nm and NA=0.5 here. It is coherence factor 
sigma=0.5. 

[0010] The plan of a mask pattern with which the simulation of drawing 8 (a) should be carried out, and 
drawing 8 (b) display in piles the exposure intensity distribution of the pattern which imprinted the mask 
pattern on the wafer as a mask pattern. Five contour lines show 10%, 20%. 30%, 40%, and 50%) of 
relative intensity to the exposure intensity 1 on the wafer side at the time of using a transparent silica 
glass without a pattern as a mask, respectively, when not placing a mask. 

[001 1] However, the following troubles are pointed out in this kind of conventional example. As shown 
in drawing 7 (a) and (b), when the exposure intensity distribution are indicated by the contour line, a 
contour hne can express the height of the peak value of an image, and a bottom value. It is here and the 
contour line is drawn as a rate over the amount of incident lights on a wafer in case there is no mask 
pattern as mentioned above. For this reason, if the same exposure intensity distribution also compare that 
from which the relative intensity value differs according to this notation as shown in drawing 9 (a) and 
(b), the number of a contour line will differ from density, it will be displayed, and will be recognized as 
different exposure intensity distribution. 

[0012] Only by only opening permeability differing mutually, others generate such a situation, when 
completely displaying exposure intensity distribution with the same mask. In this case, the exposure 
time (light exposure) only becomes large, and a definition does not change the direction of exposure 
with a mask with small opening permeability at all to a mask with large opening permeabiHty, 
[0013] Similarly it is displayed and, probably, should cut by carrying out the difference in a relative 
intensity value, when measuring resolution, since it is unrelated to resolution, although the throughput of 
lithography is influenced. Furthermore, although a relative intensity value is small, a sharp image and a 
relative intensity value have a possibility of mistaking judgment, with the conventional notation by the 
case where definition comparison with the image which has become blunt although it is large is 
performed. 

[0014] Moreover, the resist pattem configuration at the time of imprinting the configuration surrounded 
with each contour line with the light exposure corresponding to the exposure intensity which the contour 
line shows can be grasped. However, since it was drawn so that the rate of exposure intensity may serve 
as a fixed increase, the relation between each contour line was difficult for grasping quantitatively the 
configuration change of a resist pattem to the light exposure changed at the rate of a constant ratio from 
proper light exposure. 
[0015] 

[Problem(s) to be Solved by the Invention] Thus, since it is displayed as a rate over the amount of 
incident lights on a wafer in case a mask pattem does not have a contour line when indicating the 
exposure intensity distribution by the contour line conventionally, the same exposure intensity 
distribution will also be recognized as exposure intensity distribution from which that from which the 
relative intensity value differs differed. Moreover, since the relation between contour lines was displayed 
that the rate of exposure intensity serves as a fixed increase, it was difficult to grasp quantitatively the 
configuration change of a resist pattem to the light exposure changed at the rate of a constant ratio from 
proper light exposure. 

[0016] It is in offering the exposure intensity-distribution method of presentation which this invention 
was able to be accomplished in consideration of the above-mentioned situation, the place made into the 
purpose can similarly display the number of a contour line, and density even if the relative intensity 
values differ, if it is the same exposure intensity distribution, and can grasp quantitatively the 
configuration change of a resist pattem to light exposure change by a certain ratio, and mask pattem edit 
equipment. 
[0017] 

[Means for Solving the Problem] 

(Composition) The following composition is used for this invention in order to solve the 
above-mentioned technical problem. That is, in the exposure intensity-distribution method of 
presentation which displays the exposure intensity distribution on the sample by which this invention 
(claim 1) is exposed by the electromagnetic wave or the charged particle beam, it is characterized by 
what is displayed to the arbitrary setting intensity le with the contour line with which Ie/(l+an/100) [a is 
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given at (%) and the rate of a constant ratio, and the aforementioned exposure intensity distribution are 
given to n by integer]. 

[0018] Moreover, this invention (claim 2) is characterized by displaying the inverse number of the 
aforementioned exposure intensity distribution with the contour line of the interval of the rate of a 
constant ratio to the arbitrary set points in the exposure intensity-distribution method of presentation 
which displays the exposure intensity distribution on the sample exposed by the electromagnetic wave or 
the charged particle beam. 

[0019] Here, the following are raised as a desirable embodiment of this invention. 

(1) The exposure to a sample is exposing a request pattern on a sample through the mask pattern for LSI. 

(2) Let setting intensity equivalent to the sensitivity of the photosensitive layer formed on the sample, 
[0020] this invention (claim 3) Moreover, the position input edit means of the mask pattern for LSI, An 
exposure intensity-distribution calculation means to ask for the luminous-intensity distribution which the 
aforementioned mask pattern is penetrated and is irradiated by the resist side on a sample, In mask 
pattern edit equipment equipped with a display means to display simultaneously the aforementioned 
mask pattern and the aforementioned exposure intensity distribution It is characterized by performing 
the display of the exposure intensity distribution by the aforementioned display means to the arbitrary 
setting intensity le with the contour line with which Ie/(l+an) [a is given at (%) and the rate of a constant 
ratio, and it is given to n by integer]. 

[0021] this invention (claim 4) Moreover, the position input edit means of the mask pattern for LSI, An 
exposure intensity-distribution calculation means to ask for the luminous-intensity distribution which the 
aforementioned mask pattern is penetrated and is irradiated by the resist side on a sample, In mask 
pattern edit equipment equipped with a display means to display simultaneously the aforementioned 
mask pattern and the aforementioned exposure intensity distribution It is characterized by the thing to 
depend on the contour line with which Ie/(l+an) [a is given at (%) and the rate of a constant ratio, and 
the display of the exposure intensity distribution by the aforementioned display means is given to n by 
integer], or the contour line in regular-intervals intensity and to perform by choosing either of two sorts 
of displays to the arbitrary setting intensity le. 

[0022] Here, the following are raised as a desirable embodiment of this invention. 

(1) Based on the calculation result of an exposure intensity-distribution calculation means, the high line 
display calculation means, such as calculating the exposure intensity distribution to arbitrary setting 
intensity, was established. 

(2) The change means which switches each output of an exposure intensity-distribution calculation 
means and a contour-line display calculation means, and is given to a display means was established. 
(Operation) An operation of this invention is explained according to drawing 10 . Suppose that there are 
two exposure intensity distributions II (x) formed according to the separate exposing method and 
exposure conditions and 12 (x). x is space coordinates. The case where it is judged which image is good 
for lithography is assumed. 

[0023] The exposure intensity distribution called for by calculation are called for as a relative value at 
the time of setting exposure intensity (criteria exposure intensity) on the wafer side at the time of using a 
transparent silica glass without a pattern as a mask to 1, when there is no mask. Since peak intensity is [ 
II (x) ] larger compared with 12 (x), this shows that the light exposure per unit time is large. That is, 
when the same resist is used, it is shown whether the exposure time is long or short. 
[0024] Since the division-into-equal-parts rate of the above-mentioned criteria exposure intensity was 
carried out and the contour line was formed in the conventional notation, although the size of the light 
exposure per unit time was displayed, it was not what displays the superiority or inferiority of the 
definition in lithography. In the notation by this invention, the superiority or inferiority of the definition 
in lithography can be displayed direct. The notation which shows the superiority or inferiority in the 
viewpoint of the definition in the lithography of exposure intensity distribution shown in drawing 10 (a) 
and (b) can explain the effectiveness by changing these exposure intensity distribution into a light 
exposure distribution. 

[0025] Like drawing 10 (a), when the setting light exposure of an aligner is El, the actual light exposure 
distribution El on a wafer side (x) is called for by applying the setting light exposure El to the relafive 
intensity distribution II (x). 
[0026] 

El(x) =Il(x),El "(1) 

the same ~ E2(x) from drawing 10 (b) = -- 12 (x) and E2 (2) 
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Moreover, lel is on-the-strength level which gives a target size. A resist exposes according to the light 
exposure distribution El (x). If SURESHI hold light exposure of the sensitivity curve of the resist to be 
used is set to Ee, by the positive resist, in the field of larger light exposure than Ee, it will not dissolve 
and a resist will be considered that a resist remains in the field below Ee. 

[0027] Since Ee is a value peculiar to a resist (or resist process), it is a value which will be decided if a 
resist (or resist process) is determined. Therefore, in order to obtain the target size L by the resist (or 
resist process) whose SURESHI hold light exposure is Ee, it is necessary to determine the setting light 
exposure El of an aligner that lel will correspond to Ee. When the setting light exposure El of the 
aligner in this case is anew named proper setting light exposure and the relation between El, lel, and Ee 
is described, they are Ee=Iel and ElEl=Ee/Iel. - (3) 
It becomes. Similarly, they are Ee=Ie2 and E2E2=Ee/Ie2. — (4) 

Thus, it is possible by setting setting light exposure of an aligner to El and E2, respectively to resolve a 
resist in the target size L also in which exposure intensity distribution. 

[0028] Now, which exposure intensity distribution need to judge whether it is dominance in the 
viewpoint of the definition of lithography. An important point is that dispersion in the resolving size to 
dispersion in proper setting light exposure is small. Proper setting light exposure changes with exposure 
intensity distributions as mentioned above. Therefore, in order to evaluate the size of dispersion in a 
resolving size to dispersion in proper setting light exposure, it is appropriate that only the rate (+a %) of 
a constant ratio evaluates change of a resolving size when setting light exposure varies to each proper 
setting light exposure. 

[0029] It is a formula when El (a), E2 (a), and corresponding on-the-strength level are set to lel (a) and 
Ie2 (a) for the setting light exposure in this case, respectively ((3) 4). El(a) =E1 and (1+a/lOO) =Ee/Iel 
(a) 

= Ee-(l+a/100)/Iel - (5) 

lel (a) =Ee/{El-(l+a/100)} 

= Iel/(l+a/100) - (6) 

E2(a) =E2 and (1+a/lOO) -Ee/Ie2 (a) 

= Ee-(l+ayi00)/Ie2 - (7) 

Ie2 (a) -Ee/{E2-(l+a/100)} 

= Ie2/(l+a/100) - (8) 

That is, it becomes possible to display dispersion in the resolving size to dispersion in proper setting 
light exposure by drawing a contour line according to the method shown in a formula (6) and (8) to the 
exposure intensity distribution II from the first (x) and 12 (x) so that it may describe for mentioning later 
(1st operation gestalt). That is, it becomes possible to display dispersion in the resolving size to 
dispersion in proper setting light exposure by drawing the contour line given to every n time (n is an 
integer) of the rate a of a constant ratio by Ie/(l+an/100). 

[0030] With this notation, to each proper setting light exposure, it becomes possible to evaluate change 
of a resolving size when setting light exposure varies only for the rate (a %) of a constant ratio, and 
definition comparison is attained irrespective of the size of exposure intensity distribution. Moreover, 
the same effect will be acquired by drawing a contour line according to the method shown in a formula 
(5) and (7) to 1 / II (x), 1 / 12 (x) so that it may describe for mentioning later (2nd operation gestalt). 
[0031] 

[Embodiments of the Invention] Hereafter, the operation gestalt of illustration of the detail of this 
invention explains. 

(1st operation gestalt) Drawing 1 is drawing for explaining the exposure intensity-distribution method of 
presentation concerning the 1st operation gestalt of this invention. It is the exposure intensity 
distribution in the best focus position on a wafer when 1 1 uses the plan of a mask pattern and 12 uses 
this mask pattern 1 1 , and is a central cross section corresponding to the alternate long and short dash line 
shown in 1 1 . 

[0032] The 0.3-micrometer one-side square field where the slash section of 1 1 was surrounded by the 
shading section and the shading section is a translucent part. Moreover, 0.5 and the coherence factor of 
the exposure conditions over the exposure intensity distribution 12 are 0.6, and the exposure wavelength 
of 248nm and the numerical aperture NA of a projection optical system set a desired resist pattern size to 
0.275 micrometers. 13 shows a high line, such as having been formed according to this technique. 14 is 
the optical intensity lel corresponding to the light exposure which gives 0.275 micrometers of a request 
size, and is le 1= 0.3. The proper setting light exposure El in this case has the relation of El=Ee/Iel. 
Therefore, setting light exposure El (a) changed a% to the proper setting light exposure El 
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Optical intensity II (a) corresponding to El (a) =(l+a/100) xEl 

11(a) =Ee/El (a) =Ee/{(l+a/100 )xEl} 

=Iel/(l+a/100) 

High lines, such as **, are drawn to exposure intensity distribution. Then, the configuration change 13 of 
a resist pattern to the setting light exposure changed at the rate of a constant ratio from proper setting 
light exposure can be displayed. 

[0033] Drawing 2 shows the effect of a high line display, such as being based on this technique. It could 
recognize as the same exposure intensity distribution, without the number of a contour line differing 
from density and displaying it, if the same exposure intensity distribution also compare mutually that 
from which the relative intensity value differs according to this notation like illustration. Although the 
throughput of lithography is influenced, since it is unrelated to resolution, when evaluating and 
measuring the resolution of the target exposure intensity distribution, this notation of the difference in a 
relative intensity value is effective. 

[0034] Drawing 3 displays in piles the exposure intensity distribution at the time of imprinting the mask 
pattern shown m aforementioned drawing 8 (a) on the exposure conditions of lambda= 250nm, NA=0.5, 
and sigma=0.5 as a mask pattern accordmg to this technique. When a positive resist is used, five contour 
lines show the resist profile at the time of being -20%, -10%, 0%, +10%, and +20% of setting light 
exposure sequentially from an outside to proper setting light exposure. 

[0035] Thus, by the high line, such as being based on this operation gestalt, it became possible from 
proper setting light exposure to grasp quantitatively the configuration change of a resist pattern to the 
light exposure changed at the rate of a constant ratio. 

(2nd operation gestalt) Drawing 4 is drawing for explaining the exposure intensity-distribution method 
of presentation in the 2nd operation gestalt of this invention. It is the exposure intensity distribution in 
the best focus position on a wafer when 41 uses the plan of a mask pattern and 42 uses this mask pattern 
41, and is a central cross section corresponding to the alternate long and short dash line shown in 41 . 
The 0.3-micrometer one-side square field where the slash section of 41 was surrounded by the shading 
section and the shading section is a translucent part. Moreover, 0.5 and the coherence factor of the 
exposure conditions over the exposure intensity distribution 42 are 0.6, and the exposure wavelength of 
248nm and the numerical aperture NA of a projection optical system set a desired resist pattern size to 
0.275 micrometers. 

[0036] 43 is the distribution which took the inverse number of the exposure intensity distribution 42. 44 

shows the light transmission line formed according to this technique. 45 is the proper setting light 

exposure El which gives 0.275 micrometers of a request size. Therefore, a high line, such as 

corresponding to the setting light exposure El (a) shown by El (a) =(l+a/100) xEl and (the light 

exposure changed a%> to the proper setting light exposure El), is drawn to the reverse distribution 43 of 

exposure intensity. Then, the configuration change 44 of a resist pattern to the light exposure changed at 

the rate of a constant ratio from proper setting light exposure can be displayed. 

[0037] The same result as drawing 2 and drawing 3 was able to be obtained by this technique. This 

technique is effective when there is no value near 0 especially in a light exposure distribution. 

(3rd operation gestalt) Drawing 5 (a) and (b) are the block diagrams showing the basic composition of 

the mask pattern edit equipment concerning the 3rd operation gestalt of this invention. 

[0038] The exposure intensity-distribution calculation section which 51 asks for a pattern positional 

information input editorial department, and 52 asks for the distribution of exposure intensity from a 

pattern position, and 53 are the graphic-display sections which display a mask pattern and exposure 

intensity. 

[0039] The pattern positional information input editorial department 51 consists of the pattern position 
input editorial department 54 which does input edit of the positional information of a pattern with a 
tablet, and the pattern positional information storage editorial department 55 which memorizes the 
obtained pattern positional information. The position of the mask pattern by which input edit was carried 
out, and a configuration are sent to the graphic-display section 53 from the pattern positional information 
storage editorial department 55. The exposure intensity-distribution calculation section 52 asks the 
pattern positional information storage editorial department 55 for exposure intensity distribution from a 
mask pattern configuration and positional information according to the image formation theory of partial 
coherent optical system. The graphic-display section 53 receives the information on a mask pattern and 
exposure intensity distribution from the pattern positional information storage editorial department 55 
and the high line display calculation section 57, such as mentioning later, and displays these 
simultaneously with a monitor 66. 
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[0040] Although the basic composition so far is the same as that of equipment conventionally which was 
shown in aforementioned drawing 6 , as for equipment, this operation gestalt differs in composition 
conventionally the followmg pomt. That is, the equipment shown in drawing 5 (a) differing from the 
composition shown in aforementioned drawing 6 is having formed the contour-line display calculation 
section 57 for drawing the contour line specified by the relation of the inverse number of the rate of a 
constant ratio, i.e., le/, (1+an/lOO) to arbitrary intensity between the exposure intensity-distribution 
calculation section 52 and the graphic-display section 53. 

[0041] Specifically, the exposure intensity distribution to arbitrary setting intensity are called for by the 
contour-line display calculation section 57 based on the calculation result of the exposure 
intensity-distribution calculation section 52. And these exposure intensity distribution are displayed on 
the monitor 56 of the graphic-display section 53 with the contour line of the relation of the inverse 
number of the rate of a constant ratio to arbitrary setting intensity. Moreover, exposure intensity 
distribution are beforehand made into the inverse number, and you may indicate by the contour line at 
intervals of the rate of a constant ratio to the distribution. 

[0042] The equipment shown in drawing 5 (b) differing from the composition shown in aforementioned 
drawing 6 is having put in the contour-line display calculation section 57 and the display change section 
58 for being the relation of the inverse number of the rate of a constant ratio, and drawing a contour line 
to arbitrary intensity between the exposure intensity-distribution calculation section 52 and the 
graphic-display section 53. In the display change section 58, it has the function which chooses either of 
the contour lines according to the notation indicated to be a high line, such as having followed the 
notation explained with the previous operation gestalt, in the conventional example, and is displayed on 
the graphic-display section 53. 

[0043] By doing in this way, a user can choose the notation of a contour line according to the purpose. In 
addition, this invention is not limited to each operation gestalt mentioned above, it is the range which 
does not deviate from the summary, and can deform variously and can be carried out, 
[0044] 

[Effect of the Invention] As explained in full detail above, according to this invention, the number of a 
contour line differs from density, the same exposure intensity distribution do not display that from which 
the relative intensity value differs, either, and it can recognize now as the same exposure intensity 
distribution. Although the throughput of lithography is influenced, since it is unrelated to resolution, the 
difference in a relative intensity value has an effective this invention, when evaluating the resolution of 
the target exposure intensity distribution. Moreover, since the relation between contour lines is displayed 
to change at the rate of a constant ratio from proper light exposure, it becomes possible [ grasping 
quantitatively the configuration change of a resist pattern to light exposure change by a certain ratio ]. 
Moreover, a user can choose a contour-line display now according to the purpose by choosing and 
carrying out the graphic display of the conventional notation or the notation of this invention. 



[Translation done.] 
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